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The H, N, C, O system
✓ 4 main elements in the ISM;  > 90 % molecules detected
✓ HNCO observed in over 60 galactic sources and 9 external 
galaxies      
✓ Discovery of isomerization 
(Liebig & Gay-Lussac, Ann. Chim. Phys. 1824) 
✓ Cyanic acid and fulminic acid recently observed in interstellar 
gas
   (Brünken et al., ApJ 2009; Marcelino et al., ApJ 2009) 
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N C O
1.1899 Å 1.2268 Å
The NCO- anion
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✓ Closed-shell 1∑ ground state with a very large electron affinity         
(EA = 3.6 eV)
✓ (Bradforth et al., 1992)
✓ Several studies on the solid state properties of cyanate ion
(Sherman & Wilkinson, 1973)
✓ IR laser spectroscopy work derived ground state rotational constant 
and CD quartic term; from CC study dipole moment of  µ = 1.5 D
(Gruebele et al., 1987; Pak et al., 1997)
✓ No-detection search for NCO- in dark cloud, L134N by Morisawa et 
al.
(Morisawa et al., 2005)






µa = 1.3 D





µa = 4.1 D
Protonated isocyanic acid, H2NCO+ & HNCOH+
18 kcal/mol
✓ Isocyanic acid large proton affinity (7.49 eV)
✓ C2v isomer more stable form by ~ 18 kcal/mol
(Green, 1981)
✓ In the gas phase protonation sequence is:
H3+ + HNCO      H2 + H2NCO+
(Hudson, 2005)
✓  No lab/astro data  
✓  New calculations:
✓ H2NCO+:                                                 
CCSD(T)/cc-pwCV5Z  - CCSD(T)/cc-pVQZ
✓ HNCOH+:                                                
CCSD(T)/cc-pwCVQZ - CCSD(T)/cc-pVTZ
Experimental setup - FTMW
✓ Detection of the fundamental rotational transition by 
FTMW spectroscopy
✓ 5 - 42 GHz
✓ 6 Hz pulsed nozzle to inject the supersonic 
molecular beam (∼ Mach 2)
✓ Trot ∼ 1-3 K
✓ Synthesized isocyanic acid from KOCN + H3PO4











F = 1-1 2-1 0-1
Doppler
hfs
      Calculated
      Observed
Lattanzi et al., ApJ in press
✓ 4 consecutive scans
✓ 15 minutes each
✓ 2σ from IR 
rotational constant
✓ expected 3:5:1 
hyperfine ratio
Experimental setup - mm-wave 
✓ Mixture of H2O and (CN)2 in an argon buffer, in a room 
temperature cell




















Table 2. Spectroscopic Constants of NCO− (in MHz)
Constant This work IRa Theoretical
B 11513.96789(50) 11516.3(13) 11507b
103D 4.5588(16) 4.62(33)
eQq −1.0307(37) -1.00c
aGruebele, Polak, & Saykally (1987).
bPak, Woods, & Paterson (1997).
cCoupled cluster quantum chemical calculations (see
text).
NCO— : freqs & consts
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Table 1. Laboratory Frequencies of NCO−
Transition Frequencya O − Cb
J ￿ − J F ￿ − F (MHz) (kHz)
1− 0 1− 1 23027.659(2) 1
2− 1 23027.969(2) 0
0− 1 23028.432(2) 0
7− 6 161189.304(20) 9
8− 7 184214.146(20) 3
9− 8 207238.157(20) 29
10− 9 230261.101(20) −21
13− 12 299323.109(20) 7
16− 15 368372.276(20) −5
aThe estimated 1σ uncertainties are in
parentheses.
bCalculated from the spectroscopic con-
stants in Table 2.
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Lattanzi et al., ApJ in press
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✓ Under the same experimental conditions, search with 
FTMW for protonated isocyanic acid
✓ Fundamental rotational transition of H2NCO+ found at 
0.02% from the predicted value!!
✓ Soon observed the J(2 - 1) Ka = 0 and Ka = 1 lower
✓ All the transitions with the expected hyperfine 
structure 
✓ First two Ka = 0 rotational transitions of the higher 
energy isomer (18 kcal/mol) HNCOH+
H2NCO+ & HNCOH+
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✓ After the MW 
detection, mm-wave 
search 
✓ Better condition using 
the HNCO synthesized 
sample in a -50 ºC cell
✓ A total of 18 mm-wave 
transitions detected 
✓ Up to Ka = 3
mm spectrum of H2NCO+ 
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aRotational constants and dipole moments cal-
culated at the B3LYP level of theory with a 6-
311+G(d) basis (Durig, Zheng, & Deeb 2006);
nitrogen quadrupole coupling constants (χaa and
χbb) calculated with an aug-cc-pVTZ basis by us.
bSpectroscopic constants derived from 7 transitions in
the centimeter-wave band.
cThe third quadrupole constant (χcc) was constrained,
where χcc = −(χaa + χbb).
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aRotational constants and dipole moments cal-
culated at the B3LYP level of theory with a 6-
311+G(d) basis (Durig, Zheng, & Deeb 2006);
nitrogen quadrupole coupling constants (χaa and
χbb) calculated with an aug-cc-pVTZ basis by us.
b
Spectroscopic constants derived from 7 transitions in
the centimeter-wave band.
c
The third quadrupole constant (χcc) was constrained,
where χcc = −(χaa + χbb).
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mm spectrum of H2NCO+ 
Ka = 3
Ka = 2
20 minsJ = 17 -16
Conclusion
✓ B and D for the anion three orders of magnitude 
improvement
✓ The entire rotational spectrum can now be calculated well 
into the THz region to 1 km s−1
13
✓ Two new molecular ions detected for the first time
✓ mm-wave spectrum of H2NCO+ good for 
radioastronomical search
✓ Isomer interstellar chemistry
✓ mm-wave search for HNCOH+  in progress
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